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ISBN 978-0-521-51610-5 (hardback) 1. Optics-Mathematics. I. Title. QC355.3.G38 2011 535.01 51-dc22 2010036195 ISBN 978-0-521-51610-5 Hardback Cambridge University Press has no responsibility for the persistence or accuracy of URLs for external or third-party internet websites referred to in this publication, and does not guarantee that any content on such websites is, or will remain, accurate or appropriate. I began to ponder these questions, and my answers to them, over the past several years while teaching a graduate course on Mathematical Methods for Physics and Optical Science at the University of North Carolina at Charlotte. Although every student has his or her own difficulties in learning mathematical techniques, a few problems amongst the students have remained common and constant. The foremost among these is the "wall" between the mathematics the students learn in math class and the applications they study in other classes. The Fourier transform learned in math class is internally treated differently than the Fourier transform used in, say, Fraunhofer diffraction. The end result is that the student effectively learns the same topic twice, and is unable to use the intuition learned in a physics class to help aid in mathematical understanding, or to use the techniques learned in math class to formulate and solve physical problems.
To try and correct for this, I began to devote special lectures to the consequences of the math the students were studying. Lectures on complex analysis would be followed by discussions of the analytic properties of wavefields and the Kramers-Kronig relations. Lectures on infinite series could be highlighted by the discussion of the Fabry-Perot interferometer.
Students in my classes were uniformly dissatisfied with the standard textbooks. Part of this dissatisfaction arises from the broad topics from which examples are drawn: quantum physics, field theory, general relativity, optics, mechanics, and thermodynamics, to name a few. Even the most dedicated theoretical physics students do not have a great physical intuition about all these subfields, and consequently many of the examples are no more useful in their minds than problems in abstract mathematics.
Given that students in my class are studying optics, I have focused most of my attention on methods directly related to optical science. Here again the standard texts became a problem, as there is not a perfect overlap between important methods for general physics and important methods for optics. For example, group theory is not commonly used among most optics researchers, and Fourier transforms, essential to the optics researcher, are not used as much by the rest of the general physics community. Teaching to an optics crowd would require that the emphasis on material be refocused. It was in view of these various xv www.cambridge.org © in this web service Cambridge University Press Cambridge University Press 978-0-521-51610-5 -Mathematical Methods for Optical Physics and Engineering Gregory J. Gbur Frontmatter More information xvi Preface observations that I decided that a new mathematical methods book, with an emphasis on optics, would be useful.
Optics as both an industry and a field of study in its own right has grown dramatically over the past two decades. Optics programs at universities have grown in size and number in recent years. The University of Rochester and the University of Arizona are schools which have had degrees for some time, while the University of Central Florida and the University of North Carolina at Charlotte have started programs within recent years. With countless electrical engineering programs emphasizing studies in optics, it seems likely that more optics degrees will follow in the years to come. A textbook which serves such programs and optical researchers in general seems to have the potential to be a popular resource.
My goal, then, was to write a textbook on mathematical methods for physics and optical science, with an emphasis on those techniques relevant to optical scientists and engineers. The level of the book is intended for an advanced undergraduate or beginning graduate level class on math methods. One of my main objectives was to write a "leaner" book than many of the 1000+ page math books currently available, and do so by pushing much of the abstract mathematical subtlety into references. Instead, the emphasis is placed on making the connection between the mathematical techniques and the optics problems they are intimately related to. To make this connection, most chapters begin with a short introduction which illustrates the relevance of the mathematical technique being considered, and ends with one or more applications, in which the technique is used to solve a problem. Physical examples within the chapters are drawn predominantly from optics, though examples from other fields will be used when appropriate.
A book of this type will address a number of mathematical techniques which are normally not compiled into a single volume. It is hoped that this book will therefore serve not only as a textbook but also potentially as a reference book for researchers in optics.
Another "wall" in students' understanding is making the connection between the topics learned in class and research results in the literature. A number of exercises in each chapter are essay-style questions, in which a journal article must be read and its relevance to the mathematical method discussed. I have also endeavored to provide an appreciable number of exercises in each chapter, with some similar problems to facilitate teaching a class multiple times. Some more advanced chapters have fewer exercises, mainly because it is difficult to find exercises that are simultaneously solvable and enlightening.
Early chapters cover the basics that are essential for any student of the physical sciences, including vectors, curvilinear coordinate systems, differential equations, sequences and series, matrices, and this part of the book might be used for any math methods for physics course. Later chapters concentrate on techniques significant to optics, including Fourier analysis, asymptotic methods, Green's functions, and more general types of integral transform.
A book of this sort requires a lot of help, and I have sought plenty of insight from colleagues. I would like to thank Professor John Schotland, Professor Daniel James, Professor Tom Suleski, Dr Choon How Gan, Mike Fairchild and Casey Rhodes for helpful suggestions during the course of writing. I give special thanks to Professor Taco Visser and Dr Damon
